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(54) lll-V COMPOUND SEMICONDUCTOR LIGHT 
EMITTING DIODE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a lll-V 
compound ' semiconductor LED having excellent 
uniformity of light emitting intensity and high light 
emitting intensity by sufficiently uniformly diffusing 
an operating current supplied from a pedestal electrode 
to an open fight emitting region in the LED having a 
conductive transparent oxide layer as a windov^^ layer on 
a lll-V compound semiconductor layer. 

SOLUTION: A plurality of ohmic electrodes are provided 
between a conductive oxide window layer and a light 
emitting unit, and the electrodes are installed so that 
the ohmic electrodes are disposed at an equal distance 
from a pedestal electrode at opposed corners of a light 
emitting surface. The total bottom area of the ohmic 
electrodes is a bottom area of the pedestal electrode or 
less, and further set to a range of 2 to 20% of the area 
of the light emitting open area 
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mtm^hti^mm. @«iffl-&iBm«is-«x./j 1 1 

1 i/cl± 2 lcfB*fe<7> I I I - v^k^ti*^ 

i^M- 1 suiB«o 1 1 1 - Ymit^^^mi^^±i^^ 
[0 0 0 u 

i'mS^r^i-iSi^JSo I I I -vSjffc-g-tr^^^llTt 

[ 0 0 0 2 J ^ 50 

'fc i:"<7)j|[mitmf ktf*t»^^ p> ^ ^.^ Srfi X fcl I I - 
VMb^fe#^#:|&7fc^l'*- K (LED) {C*or, 

(pad) ^S'&^?>«#&$tL^fifj^titoTv>-2,o L35> 

L, wM'S:mmri>mmmtLED^mf&ir:hi 1 1 

aN) izmm^MtLXITOilS'^^-^fzm^iMm 
L G a L E D<?5 V f (Jll*|6j®|t) {±— jRtt<?)«!j 
2m(r>7 't-'Jl'h (*fiz::V) ?rtSx.-2.<)<7)i:^^ (Ap 
pi. Phys. Lett. ,74(26) (199 
9) , 3930-393 2 M#.BB) o ^fHi. mW.&X 

[0 0 0 31 Btfb**'; A (^t^^ : G a A s ) i:B&^ 
( (A IxGai-x) 0.5 I no.sP (0;SX^1) 4r 50 
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%5t)li:-f'^A 1 G a I n F^L EDT'fi, ITO^^ic. 

%^^tzib\iZ^ .^.St LEDfl|^)itOW(Z=i>5'^' h 
( c o n t a c t ) S ^WM.-t^m^i)^'S\ftX\^i, (# 
S¥ 11-17220 -f-^.HB) „ r/ > h)l(±,#.e t 
LEDSr««-r;2, I I \ -vm.VC'km^m^mt(r>it- 
\•y^ (Ohmi c) «)!|jHt«-feit$Hir*7t*!)lcK«tf> 

G a A s . fltfi:'; >"ft**'; a {^^^ : g a a s 
i-cPc : o^c^i) ^*»?,fli^$fL^i><oi:^cTv» 

* (±re«0#|B^l 1 -1 7 2 2 0-)|-&a#»B) „ L*- 

?SfttC*=fj£-r^ J: I) fc^jh^iriS^r/hti-^ I I I - V^ 
fb-^!^*^#7i>t> :3 > h^35*'^7fc«ii«<7>*®?r 
«fcaiLT®:K$tLTv»'&;;t*;) (±gBO!i#S¥l 1-17 
2 2 0-^£r^#BB) , CO«BS;T-<in;^:5'^r {.^(-gi) 
UTtTJ^lSmX^tv, 1S;»]8<7)I I I -VSlfb^!fe»#S#:L 
E D <0 t ^ c. r v» -5, o 
[0 0 0 41 iTt, #BB¥1 1 -4 0 2 0-?-i^«{rfB« 

m^m^'^Mz I T o jggg^gJi t L E D«^e t <7)k 

(TCfglB-^ : Z n) ^O^JKIR^J,if|-r.i.A 1 G 
a I nPmLED;**ra^$tLrv»*o C<^tieJ^*i?l5{;'K 
njf, Z n^<0#JglRli I TOmS)§ t I I I -Vi^ft 

Wi^m>zi^Wi<.\im.^itx\^tnfzt>. iiSJWjSOA 1 
Ga I n P3^LEDS:»-&<?>(Ctt«fi:^^o 
[0 0 0 51 

[%??*^»*LJ:o t-r^lSSl 2)!:?&?P|(±, ^Tfed^i^'^ 
SScll*fflJ*l-53^$-*Tieai-4 i: J; >) , ^U^n 

^immz'&K^nnm.<r)\ i i-vsEft-&-!&i|i^«:L 

EDS:»tt-t-&o 
[0 0 0 61 

\%m-^mm-i>tz^(r>^m ^w^^h\t±Mm.m^ 

*>*I&WI±, [1] I I I -VMb'g-!^*^*t^S-0^'b5; 

tz \ I I -V^fb^tf**^5l5t^-f KtCiJV^-C, 
k.U%^n>tmMiL(r>mz. 1^Mh^\-tzWk'm<r>^- 

■t^ASStc!»e$*trv^^c:fcS-fl#efci:-r* I I I-V 
ti-^ [1] {cifiiKoi I I -vmit^^mi^^^i^ 
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mtiri> [1] itcii [2] izim<^l I l-vmit^ 
•t-S [1] - [3] <7)firtL55-l«{-fB«eoi I I - v^ 

^w-ojsifs**. §t^mwiimmff>m9ffy. 2 ~ 2 o %o 

tBfflrtf *-i,^tS:!if»i:^^ [1] ~ [4] <r)isstn!i- 

K, i-m-r^o 10 

[0 0 0 71 

IxGai-xAs : OSXSl) > (AlxGai-x) 
Y I ni-YP, 'R.Xf^itT S. —'^ A ' if^) • -f >v 
•t^A (a^^A IxG av I ni-x-vN : 0 ^X, 
K X + Y=l) ^TJ^ib^^feB^HS^^^^t L-C«^ 

B^r'Sfti 1 1 -v^b-g-f^^^^^flj^emg-^^-er 

t^htSi:i>mM (window^) pO^^^tlTv^^i t 

u*^o mmt^^^ii-^Y 1 1 -v^fb-g-!^4^^^ 

«S(±t?lx.lf, p?g^v»{in^A IxG ai-xA s (0^ 

XS 1) . pfMv^linB (A IxG ai-x) o.s I no.s 
P (O^X^ 1 ) , Sy-'p^i^^v^jin^A IxG av I n 
1-x-yN (O^X, Y^l. X + Y=l) mii^hW^-^ 

R-f- : s i ) (7c«fe-f- : s n) ^<7)^ I vi^Tc 

sgvMi-few^ (x^ie-^: Se) ^x^p;!^ (Tc^gfB 
■f- : Te) ^ffO^V iSlTCfRS: K-tr>^^L-C5i^^-C 30 

#-?.o tTt. pf^i I I -vm-^i^^aSftSiiaE^ 

(7C^I£-^ : Zn) , v^'-^-v't'A (TC^lB^tMg) 

-y^>i^Lxw^^X'^i>o mmt(7)m^i:^j:-ti 1 1- 

vmit-k^^mm^^m (^i^m^- =j: p^i ^ v ^ c t «b , 

^^miiWfm. n-^^ KT-yr (s i d e -u p) 
10 0 0 81 HI Ji2ti:|&WOIB*J« 1 ^ 1 OH 

^#:LED 1 0cO2FM«^llT-*^o t 112 l±, H 40 
llca^-r^LEDl 0O?K^X -YIC j&o/cBfS«S: 
0t?*-So EI2«:flJfflLTUi?g-r^t, 
LEDl Oii. M^^^:i-h^j:^mm.l 0 1 <0*®±{Ci 

^^mi^m^-ib^j:inmtfzlipm^y y K (c l a 
d)ei04, 106 t^^m 1 0 5t(/>^7-a (h e 
t e r o) «'&*-'5^^f&*ffl5 1 Oat, 0 a 

±lcS$tL;t:#||140SWKfl:%il;4>'b:fc-5.,^.jl 1 0 8 
tSrl6*fi«;lC'ltx.-Cv»*<>0-e*-&o ll3fcS 1 0 5 tiffi 
«S1 0 2 tOWtCli, r^yi^KIt (DBR) 1 0 3 50 
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Sr!|f AL7t'««;i: LT<)SL^x.{±^v»o 1 0 8<7) 

^SSl 0 9d»KJtt>*LTV»*o *5IWOLED 
1 0 tl#gfc6<;5rO{i, 1 0 8 S-irl-SWSfltl&S t 

I I I -vMb^!i)#^««gsstora(:*-5 y 5'^ 
HI 0 7*s^fi$ixrv»S^ tlCife^o *«:a<>tc(±, ^. 
«1 0 8i:0«-&S-^-r«xJf, ±^7 y KSl 0 SO 
106a <0, LEDIO <0*!|-A|ilL 1 , L 

2±.<r)mnuc\. C2. C3, c 4 5 y ^'ms 

1 0 7;6^a§*tTv^<&Ct{c*^o PaSClfe7fe«i^l 0 
6 a t J±, 1 0 5 *»<bOf&3t36»^ffi^e 1 0 9 

igK?tt^ih'5:<^1-SPH13lf)ffi-^-5^«, BP*,, 

10 0 0 9] +*S|5tc^il«SSrKtt^075J-teS<>;iiE 
mm<r>l I I -VMb-^^^S^^LEDtC^oT, L 
E D <r>^mM^<r>^'t-. EP ^j^mil<7) Pfi.L>:«^ t> ftitco 
eei±LED<0*t^^Ji<D^Agi5t?*-5.o «IS-ri^l^, 
L E D <7)^ A as 'j- - 5 y ^' «fe t ES-t i: * 
t , 5 -y ^'SS i ») I I I - V^-ft-g-fS^jf^Wfife 

mo^^mM{zi.i,^it<r)mwi^i^i 0 9 atc^A-r-s 

1 0 6 a-^flE5fefl«J(:Kf^^»E«:atA?-*^f^ffl«r*L, 

^«frLED^#^<7>(:?a)m^^1-;So nu^ittiimt 

i>o aSoT, ^|&^T-(±, LEDC0*J-^||^L 1, L2± 
OLEDO^A«I5C 1-C \ \,Z^~^yi^W&l 0 7 Sr 
Klt^ittL, -^^mS^ieTco, H^OiiiR^Jtl 

[0 0 101 L EDO^ftgptCKltt 5 •yi'Stel 
0 7<^'&t^<ot!cfi{i2^^»(±4■C*^>o^*^^F^ Uv»„ ^ 
ffl:f&7fc^Mi 0 6 aicj5'<'^r*f#e<)^^fe^*-i:gjffii- 

«ffil^3&*-g-th2T'afe*i»^i±, ra-*t^l«l (Lltfc(± 

L 2 ) ±r-^ffimffi 1 0 9 ^^ft^■e^v»^c*i■|pI■r4e:a 

(EIltcCT^i-SLEDl 0{C*oT(4^^IS|5C 1, C 
3f;t(±C2, C4) i,zWM.-r^<Oi)mtL^^^o lEIilii. 
«''M±S:^r?^(7)LEDlC*oT4iaAW^T:*--^ y ^ 
^Sl 0 7 iWt'ii^Zti>X'i'Z,o -^-5. y^W&l 0 

i,<r>i)^^t Lv^o IP*,, R-*tA^L 1 , L 2±UEfi 
y i'^Sl 0 7(±|Hl-5f^t-t^co*^»S L 
v»o ia 1 LEDIO J±lM*tAllL 1 , L 2 ± 

t?LEDl 0O4M^OPBS|5{C|Bj-J|^OiE:^5^O:#-- 
5 y ^'Ugl 0 7 ■^W.m.Lfzm'kT^-to 

[0 0 11] :iffm<r>mim.2\,z%m.<r>§m^z%iyi>m 

2 <0||ifef^,®-ej±, :t- 5 y i^WS. 1 07*LED1 0 
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b tli. y^nMl 6 7i'm&-t^ I I 1,-V;^ 

s 1 0 7 <r>m^^ 22107a, 107b *mmm 1 0 

b mm.) tc«LTv»<5,<0;i*S<>fl^4 Lv^ (01X0^11 
2#HB) o ico^H^t-^ y ^'^Ml 0 7 S-il-^SISCiE 
S-r-S^fiStt-rtLj^, •y^'llffil 0 7«rje*^ L 

rijf^Sats- L E D 1 0 Of 'i:»«utcifijttTpgiS:i&3fe««c 

10 6a -^^^M 1 

0 9<7)ii:T<?5, ^TfeOilK^Ml 0 9 a '\Offtft1|iiE<7) 

§kiti:M. •) C t **nr«g^l&*igSc««l 1 0 6 a O 

-5.0 

[00121 #t;, *^e^Offi*]S3HIBffeco»3CO* 
iS?i^,^.(cfei- ^ < , L E D 1 0 COPSSBC 1 - C 4 tc, ^ 
^HSl 0 9 i:07K¥m«i (=d) ?r^L< Lr:J--5 
•yi'imi 0 7«:ffifi-r^.««ti-*o 7K¥ffi«l (d) 

l±, HMBL 1 , L 2 iicS^-tt^^ffime 1 0 9 O^l- 
^SI5fc*j-[6l-r-&:^--5 y ^mMl 0 7<0^^|.^gi5i:<7)rflPS 

mei 0 9 0itT0, |&^<OjgK«J^{c|l«)iitr)t-&v» 

^U^±'m^^±.^^i,(r>\zT-U^btj:^o IE 

mdiiLED'f- y XoifylX 3 S;X±X\ J: OMt 
L<{±. *5;l/2J'J.±-C**o iO«(cSffi*EBi-S 

iticj: I), •y^'^ffil 0 7^e*t Lrm^-t 

it*ST-#. e^oT. iaScl&*^«cl 0 6 a »Cj*V»t:J4; 

1 TO) ^,«±tC*tC^ffiSfficr)<%^Sr«cia:LT^-5tt* 

<OA I G a I n P^,L EDlcifJ-i/^TIi, ITOifi:!! 

/{•^^f-t-S-o Cttl;*tL, :$i^m<,Z^.t>^A 1 G a I n 
P^LED-C'li, LEDO^1.^ffl5<0:t-$ y ^'SS^i-ib 

5' - XOiSmSft 5rSft-rtT.lf (BfffiUpb:*'^ <, 
10 0 1 31 «l^^«»:fli<;>l^;-'fb;&»'«S£$it/cB»:fl 
^mmi 0 6 aUJS-v^TJi, P3ifcfl3t««l 0 6 a<7)W- 

:^|6]i;»fe^r2 0 5 VT^'^T (mA) (C^5cL, 
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ffi^SMm'mTt-r^ t . ^Tt^Slcffitt^ I I I - V 
Slfb^t»#^^f^ LED iim&X- ^i,:iti)mhii^\ztj:-o 

fZo 

[0 0 141 fi^oT, ^^m<r>m^m4 i,zts.m<^^miz 

mt>^m4<r>mmwmX'li^ LEDI 0(7)PBa5C i -c 
4t:iEtti-'5.amiH<0:j--5 7 i'BSl 0 70, ^tf<r> 

[00151 mWL§k^mit. 106a (±815^' 7 y KJg 1 

0 6co^Ma*><b^ffimsi 0 9 <r>^mm<r>^imL^] 
u<r>^imni^\y^^tzmmff)im^mnnmmit i^mt 

SrRAt-r^t, 0^RA<1) t RAi:5&3t<0« 
*t5ift (RI) tWBII^^P^;^ct RA^O. 8 
i:i±\>z-k.t-t^fS.\.zi^^^<r>^itiimf^^i\.im¥kii^ 

^hiifzo mw-rtus. mwL^^mi^i o e aiz,^tt>i 

^-5 y ^^Sl 0 7 (7)-^n<r>!^mmi 2 0%mTl-»J 
K-r -1. i 1 J; ia^Tfe?^ e, it. ^ i t ^ ^ L T V » 

-5.0 1 1 1 -vmit'k'^%mimnsLm<7>muc i ~C4 

-y ^'SS«:^«t^ttilJf0Bftfl*«*^l 0 6a 

tttiho ^<r>m^j:mm.xi,im.m\z\t. msscis 
it^i$Li 0 6 &^<r>W5Y^-^m<r>^»tiiW.mimm.x-^ 

•r, fiP*>, RA= 1 t-t-&c:i:l±-c#5rv»„ WiV^-^m^ 
5t^5-l-l£MT-i, i^fio, V f <7>±#?r«I$IJLTS%* 

%itm.w.(r>m.mmz»:]^xmiL<\t2%];x±.iiv. m 

IfO. 9 SJilTt-f-^OTj^f L<. 0. 9 7 

30 wi.<r)mm^z%t>^m5<r)mMimx{i. 

•y ^'«fe<0, ^t\;<r)mmWi I I -I - V^ffc-g^4^^f^ 
T> J: iJiifS t<<i, 3%J':».±T-2 0%t)LTi:-r^o 

[0 0 161 ^^m\,z%t>h 1 1 1 - vmit^^^^w 

LEDS:»-&UJ±*-f> ^iBiafJC:*--? y ^'SSTjqatt 

f>ti.Tv^-2> 1 1 1 -wm.it^iiio^^wmiSLm<r>mm±. 
(zno) ti:t'i)-hmm.x^z,o ^iz. -i&m^j:M^m 
t^^-s (pad) mm.ijf^m.'Tho ^?tm^zmt>i>LE 

DX^i. -^ffimSoET^o^Jtr-fi, mit^mt i i i 

-S.O Kfti^si: 1 1 1 -vmit-^m^^^immmtffim 

50 <0:t-5 y ^'Sfe^rKJt*^ t**-e#^o 
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[0 0 17] . . 

^UiftWt^o ms iz:^^mmtiZ%t>;b A l G a I n P 

^•rLED2 oofiS^A-A' ifzm^fzmmm^mr-i> 

[0018] LED20ii:. Wi^^ 5 0 mmOlEI& ( Z 
n) K-'Tpf^ (0 0 1) -Ga As#SB^BRf^««2 

0 l±{zm^X. mm^flfzZn K--rpff^GaAs^i« 
§2 0 2> ipJfii>Z y-\c>^*LfzpmA lo.4oG 10 
ao. 60 A sS <i: p?KA I o. 95 G ao. os A s S i: Sr^Sl^ 

1 ommmLtimmm^^^h^j:^y^^ y ^^KM (db 

R) JI2 0 3. Zn V-'/pM (A I 0.7 G ao. 3) 0.5 
I no.sP^d-'b^^TSS^^'y KJ12 0 4. T>K-v^ 
Onf^ (A I0.2G ao.s) 0.5 I no. 5 P?ftB^;^*«b*^5l 
*il2 0 5> 5.^*S i V-^nm (A I0.7G ao.3) 

0.5 I no.5P:^-hm,^±Ui> "7 y KB 2 0 6;^-Jb«^^ 

[0 0 19] nmm^i^2 A^miSL-t h^m^m 2 02 20 

-2 0 6(ihU;^^;i'r;W^^'>A ( (CHs) a a 
1) . Y') ;f^^)\^if^^^^ ( (CHa) sGa) RXfY') 
( (CHs) 3 I n) «: I I I SIW^tc 

(Zn) O K-t: >^*i!g(CiivJ:^^;UMI& ( (C2H5) 
2Zn) «:flJfflL/Co (S i) OK-/n-> VW^Z\t 

vv^> (SiaHe) SrfigfflLf^o 2 0 2 - 2 

0 6o^MSJS{i7 3 ortc^s— L/co ^«e2 020 

^ U Ti&Stiim 5 X 1 0 1 8 c m-3 (I, i /c. Sffii*^ 
ly«mtL;to DBRa2 0 3 «r^i-n^A I0.40G a 50 
0.60A sJSt nff^A I0.95G ao.o5 A s50WJ5(i# 

*^40nmhL7^Co ^ -VV Tift«(i#>^ . 1 X 1 
0^8 L/Jo TU^^ y KS 2 0 4(7)^<A'grift 

K(i*^3 X 1 QiB cm-Mi. tfz. mm^tifyl. 5^m 
<^ L;^^o ^±m2 0 5<ommtm l 5 nm^ ^^r') 
Tiftft(i*^5 X 1 016 i^f^^ Kg 2 

0 6 0^^ TiftJK(i*^2 X 1 0i« c 1 S;?'^. 

[0 0 2 0] ±SB^ V y Ke2 0 6 O^So^ffiti, - 

jl.'^x.ryM.^^ (Au 9 5fifi:%-G e 5Sa%'^^) 

(Au) teK«:±fBOAu-G e^^l^co*®±tC^ir 

mLXAu-G e/Aufigmt::^^°^-^>^*«:*£L. 
1^32 0 7 a. 2 0 7 bOS$**^3 O/imii-t^i:!^ 
iaHA5Kt^O:t-^ yi>m^2 0 7 *f*i^i-'^LED2 

o<7)M*tA^LK L2±,(D4mm<ommzr^f&Lfzo 

^mS2 0 7 0K^4a<iLEDO^j^2 Obi: 

oraicffi«=&Ktt-r. ^?f»2 0 bn«L-ciatt7t (as 50 
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IBO^t-- ^ y ^m.U2 0 7<Dmm2 0 7 c ^-^^^^2 

tLfZo ^kl^z, /^^-^>y^tifzm^(Oir'-<y 
^2 0 7 Vm2 0 6 (Dmm±izmW:^ "^fz 

ttX\ T)\^zf> {Ttmm^lAr) ^m^iZt^^^X4 

2 ot:'ci o^^m(o^^itm!&mimLfzo 

[0 0 2 1] >kiz^ y^mM2 0 7S:EfiL/c± 

"7 y Vm2 0 e(r>^m±iz, —^(D-^y^^hu^:^ 

^^-m (I TO) m^mimmi:Wim^'^fzo ito 

«Oit«tn:ii*^5 X 1 O-^n • cmT**»9. mm^t^6 

0 0 nm<i: L;t:o >kiiZ^ Mm 2 0 S±<D^miz—^^^ 

^my^hui^^:^huuim^Lfzi§i^ ^Mms2 09 

^mmi^x^^^-^y^Lfzo B.^ik. 
fLfziyi/xhm^^nm^-^fziix^ ^miz± (a 
u) mi:Mmmmmi^zxy)^m^^fzo ^ (au) m<D 
m^itffy? 0 0 nmtLfzo -e-of*. m^<o^) yh-^ 

•7 (1 i f t-o f f ) ^gtClSct). l-vXh##^PJ 

mi-^iz^^x^mmu2 0 9ofM^«^itii[!i^L 

TAum?:5S@$^-tJ:/Co ^ttJ: t). ES^^^l 2 0 // m 

t-r^TO^<7)-&j^Kffi2 0 9 irwmLfzo ^mm&2 0 

9(Df&mmimi. 1X1 0-^'cm^t^j:'ofZo tfz± 

M«fil, 8 X 1 0-6 cm2 i::4o/::o 
[0 0 2 21 pf^GaAs*^S»«2 0 10«BU^ 

(Au • Zn) -g-^^^-i^^^ pff^:^-^ y 

2 1 0 ijfmLfzik. m'^<o>^^9^ymz^y)mmm 

itft: ('^?Jll-/^) 2 A*»BrLriBgiJtcffl«4?'>fl:L. LED 

y 7^2 0 iiirtfco -f-yT (IBgimT-) 2 0 
S:^^3 0 0 jLnnt-t^lEyff^^tLfz (^mm=9. 8 
X 1 0-4 cm2) o < <D'^mW.U2 0 9<7)^ffi 

««r3IL?|v>^craift§|*«j*2 0 6 aOM«li8. 7X 

1 0-4cm2i:^o7t:o e&oT. mWL^^m^l 06 a 
OSMmtCiJ^a6^^-^ y ^S*|2 0 70. ^ttOJiEffi 
«<7>Jt^(i*^2. l%t^^^fZo 

[0 0 2 31 pm^-<y^mM2ioRzf'^mmm2 

0 9mitzm^\^i^zmmi:mm.Lfzi::i^. mwc^itmm 

2 0 6 a75-Jb^S«r*?}6 2 1 n m ^ i" ^^^mihf? 
flfZo h)i^<D^m^^tm2 0 nmX$>^. * 
^mzmtl^^^X^-^tZo 2 0 ^')T>^T (mA) 
<omSE^iiffiLfs:^cojl|I:^ffi]^E (V f :@2 0mA) 
(i. lia^Tfc^i^l 0 6 alcS?^V^r:t-< y ^mS2 0 

7 <7) ^;ftr-r ^ JS® «co jt* =^ tc*^ ;2> teH 1*1 
tLfzZtiSL9:Lxm2. l5K;uh (V) tiroTto 
LED04ISSPU^-^ -y ^i:S2 0 7 ^:EeL 
fc^^tC'K*}. llft%7t;Mi^2 0 6 aOB&^^ittcS^v^ 

1S:%^IS2 0 6 a i.zn^f:b^^^St<0^^it. ^ y 
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9 

^Bt(i^7 2 (mcd) f^ofco tfc. 

5 7 y h (mW) {CjtL> iSSSSOA 1 G a I n 

10 0 2 41 mmm2) :f:mmmxtt. 1 1 1-vm 

(Ga I nN) ,^>L E D=&«^-r-5.*i-g-^1?!|{C LT*% 

G a I n L E D 3 0 10 
OTM«5S:EIS:^-ro 06ll<i. HI 5 OL E D 3 0 05£ 

[0 0 2 5] 'J > (tc^-^: P) K--/nf^(0 0 

1 ) (s i ) *$Sb1Rb^«3 0 \±.\zm}k. we 

L/jT> K-^n^'j ^fbil^ (BP) ®iajit«8 3 0 
2. (S i ) K--/nBBPiSiaM«@3 0 3. S 

3 0 4. T^^fitJ^^^v'^^A (I n) a^Jt^tO. 10 
tt. >v'!?Aa^S:5:v^(lffiiii-^«I^Offi (ph 
a s e) ^^^b Jt'i)i5'4i^3ico nSG a 0.90 I no.ioN^ 20 
7feS3 0 5. T;U^::^»!7A (a 1 ) a^it ( = X) 

3 0 5 t (n^^wm^ 0 . 1 5 t SlSoitiD:^! 
ffil*::»f^> M^i'^S-^rSWT-O 4: Lfc-r^^-v'^A (M 
g) K-'Tpff^A IxG ai-xN (X=0. 15-*0);^^ 
htiihiiU^'y-J Ymz 0 6«:GaNMLED3 0 ffljt 
0«ae|jt#:3 ASrfML/io BP^S«J13 0 2, 3 0 

3 «i=fflft«!^ : B c 1 3) jtr/HiSftu > 

(PCI3) ^iS^^i-^/Nnr^^^^S (VPE) 

ftiij: o^mtTtio BP{g:ia^s«fJi3 0 2{i4 0 0 rr* 

^IRL. 0 nmfc L/co BPSJia^ffS3 0 30 

3(il 0 0 orr^^PL. mW\m(^. S^^miiL/io 

[0 0 2 6] Sii«ii#3 A?:««-r>i>-e<7>#0#«^ 
S3 0 3- 3 0 6{ihU^f-;urJl^^-'>A ( (C 

Hs) 3AI) . Y') ^^)Vif^)^ U ( (CH3) sGa) 
-BLXfY') ( (CHa) 3 I n) 5- I I I 

i^%^it%(r>mJ^t\^^ Ty'^:^T (NH3) ^Mmm. 

A (Mg) O K-t:>^igU(ie;^ n^^:?^ 
)V^^^^'y^U (bis - (CsHs) 2Mg) t^ljfflt 40 
fzo S i O K-"/N'> higtcfivv-^ > (S iaHe) 
m LTto 3 0 3-3 0 6 O^IRajSJi 1000 

X:\zWt-\^fZo TU^^y KSS 0 4 U riftjj(± 

*^2X1 0^8cm-3ti, 4;^:. Sipfi*^ 3 m h Lt^Co 
5l7fee3 0 5<OSI?(i|^j5 0 nmi: ^-VUTiftJSli 
*??1 X 1 017 cm-3t LTto A IxG ai-xNa«4gaeJB 
i)^h^<g:^±M^'7 y KS3 0 6 -v U TiftS{iT>'I^ ^ 
-'>Aa^JtUi^^ib-r*^?4Xl 0^7cm-3<hL. i 
fz. mW\tmBO nmtLfZo A 1 x G a 1 -x NMffi^E 
S<0«S{iG aNJft LTto 50 



4#gB2 001-168395 
[6 0 2 7l IM^^ y Vmz 0 6<OSM<7)^ffiti. — 

(Au) MSrteif^-tirfco ^^tc, -m^ti:yt hvyy 

«S3 0 HmfSLLfZo y^m^S 0 7(iLED 

3 0<7>jt^«iLK L2±(04mmz^ -^mmui 0 9 
ir^/^x-pimM^Mm^^xmrnLfz ms^m) o is 

ff^t^O^-^ ^^te3 0 7<7)4^g{i5 0 m i: Lfzo 
RaUSt 3 0 7 c «:«tf 3 0 7 <D^mU 307 

a. 3 0 7 b(iLED 3 0<7)^^«S63 0 btC^LT^tt 

^ y^m.U3 0 7 t(of^mub <omm (=d) it^j? 9 

10 0 2 Silicic, pfl^_tffl^^'y KJg3 0 6_LtC:^- 
^ y^mffi3 0 7 4r5»S§-ti-;tt S-e. h 
^>x/^•'y ^ U >^S(ZJ: t^itW,^.® 3 0 8 t-t^mit 
^^v'^A-il (I TO) a-g^ilftm^^^^^-t^r/co I 

Tom\tzQox:xjSM\^fzo iTom(r>aMi}i\m4 

X 1 O-^n • cmT'*>). Sll[(i*57 4 5 0 nm^ \^fZo 

-^w^x^mw^g-^fftu^so^ iTo)^(i<ooi> 

[0 0 2 91 ^I'Z, ^.Ji 3 0 8 (D^mdz, —^m^j:mm 
hu>^:^h^mm^Lfz^ik. 0 9 im 

^f^-<^mm^. <i^^(ny it V')yv^y ^ -m^q^m 

mLX^<^-^>^*LfZo m^m. ^^9-:=^>y^fifz 

i^V7sYUi^inm.^^fzitx^ ^\mz^9> (t 

i) m'RXf^ (Au) ^*m?-tf-A«^^«fem: 

mmLx^m^^fz^ t im:TkxfAxxm(^w^^^. m 

5 0 0 nmt LfZo t<D^ik. UvX hU^imimi- ^ liZ 
fifiirT. m^(0') >'h-?i--7(l-ift~off) #g 
t^^K»9'&i^«Sl3 0 9(7)Jfmi^^mmzm^LXT \/ 
AuSilllgSr^Sgg-tir/co CltLJ: ttS^*^l 1 0;/ 
in^-r;2,R?gO-^ffimfe3 0 9^ff^^L;t:o ^Si:ffi3 
0 9OT®«ti*^0. 9 5X1 O-'cmZt^ro/io — 
7 ^mM3 0 7O^ltOJSM«{i*^0. 79 
X 1 0-^cm2 4::to/jo GaN*LED30cO 
lE-n'B^yf (chip) 0'9-'<Xt2 6 0;umi:L7t 
C y y VM 3 0 6^®±<0ia&^^^ia 

3 0 6 a <7>«S««if^ 5 . 8 X 1 0-^ c m-2 ^ ^ o Ttio 
aeoT. 0 6 aO*M«tlt&i6^;e--^ 

7i5^Bte3 0 70Jicffi»0id>g-(i«?jl 3. 6%t'fco 

[0 0 3 01 nf^S i *»B^a^3 0 1 co^Mtir;^^ 
-•!7A . Ty^^> (A 1 • S b) ^^;&-^^^n?^:t 

-^y^w&z 1 o^r^fSLX^fzWi. mii(r>7.^'7^^m 
\izx,^mmm^i^ i^:^^^) 3 A^m^i^xmrnzm^ 

fbL. LED^-y 7^3 0 t'tL^tio ^^yr (fflgij^^*) 
3 0{i-2«:2 6 0/.mi:-r^iE:^^4: tfwo n?^:t- 

^ y ^iiS3 1 oac>*-&igmS3 0 9 tcym^zmTjt^K 
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12 



-yi^w^oimnm.'Li. L 2±o4Bisi5tzHeeu 

tzn^{Z^ I) , ^ ■y-T' 3 0 (D^mU 3 0 b i •? rate%36 

««3 0 6 a<7)B&^ltHB:i9B&-it^^«l&7t*^S'.i6ic> 

it/wo ^ ■;' •:rmmx-m^Ltz^it<r>^kmtm i . 2 * ;^ 

(cd) -Qih^tZo 2 0 ?.')T>^r (mA) <01g 
^it:mT^Lfz^<r>mifmigJ± (V f : @2 0mA)' li, 
^St#7fcffi«3 0 6 a<0^®au*+Lr*-5 y ^'^S 

3 0 7 7!)i^m-ti>mmm(r>itmi^^mi.zB^<r>ia<<7) 10 
m^$tifzmmtLfzfztbi.zm3. z^t-'n^h (v) <o& 

^tii:-ofZo 
[0 0 3 1] 

(f. y ^'mffi=SrLEDO*4-A«l±<?>|iB«C(c|att* 

*!>> «aii]K(7)f&3fe4:<>;t«bi-I I I -V^fk-g-igSiliS^*: 
LED7)**t#tT*§-5>o 20 

[0 0 3 2] tfz. :$i^m<r>m^m2i.zMim<r>^mi,~iti. 

mfhtii>Zti:Lfz<7)X\ LBD<Ot^mmi:*)mWi^ 
O tc |p] It T m#^5-* * ? -ti- -5. «r i: 

fzh-ri I I -VMb-^^/^^^ft^LED^^JIftT-i^o 
[0 0 3 3] *f&WOSI*3a3 HffifgOflggtC^S 

5 -y ^'aM^^ffi^ffi0^i-^ai5:*^t>0^L 

mf^±mmtnifi>i^m^j:w.w^m»^i:mmx'^^fz 30 

#:f&7fc LED **Jt§tT- ^ i, o 

[0 0 3 4] tfz^ ^^m<r>m^m4i.ztm<^^mi>zi& 

w.&.<^mmmi':iTt-ri,m^tLfz<Dx\ mucf^^^m. 
(ommm(r>m^£&m'Vvm^n:hfzib. ^^±?km<oi 
1 1 - V tkit-^^mi^^it LED ^mmr- # ^ » 
[0 0 3 51 tfz. :4^§tm<om^m5 izmn<of^mizm 

2%i:X±.X'2 0%i:XTX'i>hmi<zmM\-ti>^tt \.fz<r> 
LED tm^X § ^ -6 o 

[Hffiofsm^ifteg] 

[01] *5l§q«0^1<7)*ife?K,®tC#t>^LEDcr)T® 
[12 21 IlIl(C^i-LEDOatiSX-Y(C?&o7tBfffi« 
[031 Hifetflll (C|eiK<OA 1 G a I nP^.LED<7)2p 



[04] 0'3(I3^-rLED<O5SiaA-A* (Cj&o/^Bf® 

[0 5] llii«a|2{z|e«gOG aN^LED<OT®^^0 

[06] 05t-gtf LED<0«SiilB-B' \Z^^tztS<i\& 

«^0r-*-&, 

[?9F-f-Oijig9] 

10 III -vrnVc^m^^V^-L E D 

10a p n«^Srr;V^-rn«-^%3fe85 

10b LED^y -/cO^rl-^ 

1 0 1 ^^SkWS. 

1 0 2 w^m 

10-3 r^y^^RMS 

104 TSPi'^yKJl 

10 5 113168 

1 0 6 IM^y y Vm 
10 6a 

107 -^-Xy^MM. 

107a :*--5y i'Sg<^)S«i 

10 7b "J^WSL<r>l^W 

10 8 ^.H 

10 9 -^^WS. 

10 9a ^ffi«SO*fi^««{ 

110 ^-5 y i'm® 

CI LED (^-yr) (7>^A (PS) g|5 

C2 LED (^yy) <r>1&'h (PS) U 

C3 LED (^yT") <0^^| (PB) SIS 

C4 LED (f-'yV) <nl^^ (ps) Si5 

d ^^^M<;)^®gPi::*--5 y i'fgSi:<7)K<7) 

LI LED^y roSrt^^. 

L2 LED-f^ y 7"0*t:ft|| 

2 A A I Ga I nPm«S«iS^ 
2 0 A 1 Ga I nP^LED 

2 0b LED^y rw^l.^ 

20 1 pBG a A s*.^Jill« 

2 0 2 pJ^GaAsM«Jl 

2 0 3 y ^^RSte 

204 AlGaIn P^TSC^' 7 -y KiB 

2 0 5 A 1 G a I n P*%3tS 

2 0 6 A 1 G a I n P^iSC^- 7 y K® 

2 0 6 a Mlftl&^IBJ^ 

2 0 7 ~^m.-E.nwi.^^ -^y^W 

207a :t-5y ^MM'TiW,^ (Mm 

2 0 7 b :t- 5 y^%M<r>mi (^3) St 

2 0 7 c 5 y ^'SfilOJlSagS 

2 0 8 ^mtts^^M-ft**.^.* 

2 0 9 ^ffi^ffi 

2 0 9 a ^M«SO*fS^«i* 

210 p?^:§--5y^' 
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74 


3 A 


Gain N^^ffig^Biif*^ 


, 3 0 


7 




3 0 1 


pff^S i ^ftS^^K 


3 0 


7 a 




3 0 2 


6 P ig:i£^W)5 


3 0 


7 b 


SJJ^^i- — ^ ,» >r If *|<7>ifif$SB 

RI^II/V-'J ✓ ^*'Hc ^ «i PP 


3 0 3 


B P 


3 0 


7 c 




3 0 4 


nff^GaNTgP:^^-^ KS 


3 0 


8 




3 0 5 


Gal nNffeTte 


3 0 


9 




3 0 6 


p?^A 1 G a Na«^E-tgP^ 7 *y KS 


3 0 


9 a 




3 0 6 a 




3 1 


0 





[mil 



[iil2] 



X i \ 1 0 7 b 1 




-' Y 



1' 0 7 a'- Ifll^j 



L .2 11 0 7 b y 0 8 \ l 0 7 b Y-^ .lT^C 3 
C4 10b 106a' 



[113] 




^1 0 9 a 



1 1 0 




[1114] 



d-t80tf m 2 0 6 a 



C4I 



. ) X, — 2. 0 7 . 

207bi20fi(2 07b A t 
20b ^2 06. I 



3 O 0 ^ m 





2 0 






2 0 




2 0 b— ' 




6^ 




2 0 






2 0 


4-^ 




2 0 


3-J 




2 0 


2^ 




2 0 


1^ 




2 10 
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[nisi 




.2 5 O'ii m 



•B • 




-a — 3 0 9 a 



3 0 2- 



>3 1 0 



Fi^-A(##) 5F041 AA04 AA05 AA21 CA34 CA35 
CA38 CA40 CA65 CA82 CA84 
CA88 CA92 CA93 CA98 CB15 
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